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Theories of change in sustainability science 
Understanding how change happens
Science-based initiatives generate particular changes towards sustainable development. But why and how does this work? 
Theories of change (ToCs) can help in understanding the theoretical assumptions and modes of knowledge production 
associated with these initiatives: ToCs trigger debate among the stakeholders and evaluators of an initiative regarding the 
hypothesized and observed effects of actions as well as regarding underlying assumptions about how change happens.
Therefore, they can strengthen the effectiveness of research, practice, and education in sustainability science.
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he 2030 Agenda for Sustainable Development (2030 Agenda)
marks a historic moment by reframing sustainable develop-
ment in terms of 17 Sustainable Development Goals (UN 2015). As
a globally negotiated and ratified resolution, the 2030 Agenda pro-
vides a normative compass that urges all countries and stakehold-
ers – including civil society, business, and governments – to rea-
 lize societal transformations in a short period of time. Transfor-
mations towards sustainable development involve fundamental
changes in political, technological, societal, ecological, economic,
and cultural relations (Feola 2015). They are intrinsically linked
to societal learning and changes in knowledge systems (Jasanoff
2004, Cornell et al. 2013). Thus, the ways in which universities
and research organizations interact with broader societal knowl-
edge and governance systems in this historic moment may be
decisive in shaping transformations.
Scholars increasingly emphasize the importance of sustain-
ability science as an interdisciplinary field that engages in and
seeks to foster transformations towards sustainable development
through activities including generation of scientific evidence and
theory, education, practices of knowledge co-production, critical
thought, and integration of alternative perspectives (Kates 2011).
While researchers hold diverging views about the normative and
political dimensions of science (Kläy and Schneider 2015, Schnei -
dewind 2015), there is wide agreement regarding the inaccuracy
of notions of linear science-policy interfaces (Pielke Jr. 2007, Pre -
gernig 2014). Ambitions of contributing to sustainability through
science are also widely shared (Van der Heel 2018), but success
rates vary (Zscheischler et al. 2018). Part of the challenge lies in
the complexity of the systems that sustainability science seeks to
address (Van Kerkhoff 2014). They feature contested values and
goals, non-linear and cross-scale effects, unforeseen contingen-
cies, and emergent system properties. These call for adaptive man-
agement, monitoring, and evaluation activities that enable reflex-
ivity and social learning (Rogers 2008, Cundill et al. 2012, Ison 2018).
Use of suitable tools that enable research and education to serve
and interact with society (Peters and Wals 2013) appear critical to
realize the transformative ambitions of sustainability science (Mo -
ser 2016, Ott and Kiteme 2016). In this respect, “theories of change”
are a promising, but underdeveloped and underutilized tool in
sustainability science. This may have to do with the term “theory”,
which raises the expectation of a higher degree of systematicity.
Theories of change: definition
Theories of change (ToCs) are defined as the mental representa -
tions and theoretical assumptions that explain how and why acti -
vi ties of an initiative (e.g., projects, programmes, organizations)
generate particular changes (Mason and Barnes 2007). While the
precise methods and processes of constructing and using ToCs
vary across initiatives (Mason and Barnes 2007), they generally
trigger debate among stakeholders and/or evaluators of an initia -
tive regarding the hypothesized and observed effects of actions as
well as regarding underlying assumptions about how change hap-
pens (Blamey and Mackenzie 2007). These assumptions can be
critically reflected on over time, and project activities can be adapt-
ed according to the actual experiences of implementation. Thus,
ToCs are not only theories but also modes of knowledge produc-
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tion among stakeholders and/or evaluators of an initiative to scru-
tinize, plan, monitor and reflect on whether, how, and why partic -
ular activities of an initiative trigger particular changes. The ToC
concept originated in the 1990s as a theory-driven approach to
evaluate the impacts of social programmes (Bickmann 1987, Con -
nell et al. 1995, Weiss 1997). While ToC thinking arose in, and is
now widespread among, development organizations (sometimes
in the guise of “impact monitoring”, Herweg and Steiner 2002),
it has rarely been applied in universities and other research orga -
nizations to date (Paina et al. 2017).
This paper argues that ToCs constitute tools that can and should
be applied more extensively to strengthen the relevance, reflexivi -
ty, learning ability, and effectiveness of sustainability science. We
first propose an understanding of ToCs in sustainability science
and illustrate their diversity. We then present ten propositions on
how to leverage the potentials and to confront the challenges of
working with ToCs in sustainability science.
Methodologically, this paper is based on a systematic pro cess
of reflection on ToCs, conducted at the Centre for Devel opment
and Environment (CDE) of the University of Bern, Swit zerland,
in 2018. The process involved a literature review, a centre-wide re-
treat with 45 participants, and a survey of CDE members compris -
ing 25 respondents representing diverse projects implemented at
CDE in the last ten years. These data sources informed a critical
appraisal carried out by the present authors in five workshops.n
Theories of change in sustainability science
In our experience and view, ToCs can serve to generate a shared
understanding among involved actors regarding pathways to
impact of science-based initiatives for sustainable development.
ToCs feature seven important components: 
1. They start from a sustainability goal or problem in a particu lar
context,
2. they diagnose contextualized causes of unsustainability, and 
3. explain how transformations in the system of concern unfold.
4. They characterize what the role of knowledge in this process
might be, and 
5. specify activities and pathways that lead to intended outcomes
and impacts. 
6. They may further hypothesize how actors acquire new or adapt
existing knowledge, or how they learn from each other. 
7. Moreover, they depict epistemological assumptions, including
ideas regarding what constitutes “good science”, what consti -
tutes appropriate roles for scientists, and how scientific knowl-
edge relates to other forms of knowledge.
In short, ToCs in sustainability science articulate the relations be-
tween sustainability goals, diagnoses, knowledge gaps, context
conditions, activities, pathways to impact, and epistemological as-
sumptions (Dhillon and Vaca 2018). Box 1 provides an example.
Table 1 illustrates some of the variety of ToCs that exist. Each
of the six rows provides an example of a generic ToC, derived from
our discussion of projects conducted at CDE, with a particular fo -
cus on how formulation of pathways to impact enables reflection
on the roles of scientists as practitioners.
Christoph Oberlack et al.
TABLE 1: Generic types of theories of change(ToCs) in sustainability science. Each row describes selected components of a particular type of ToC. Other elements
not depicted here include: goals, diagnoses of problems and knowledge gaps, expected outcomes, roles of non-scientific actors, and epistemological positions.
BOX 1: The OneMap Myanmar initiative
Among other initiatives, OneMap Myanmar (OMM) has been facili -
tat ing a multi-stakeholder review of land concessions and land uses
for oil palm plantations in Tanintharyi region in Southern Myanmar
since 2016. A theory of change(ToC)has guided OMM’s engagement.
It identifies improved land tenure security as the main goal of this re-
view, to be reached by improvements in data quality and availability,
technical and analytical capacities, knowledge and evidence-based,
multi-stakeholder deliberations at regional and local levels. OMM’s
central assumption about change is that embedding technical com-
ponents of spatial data analysis, web applications, and participatory
field surveys within a broad multi-stakeholder process will help actors
build common understanding of issues, negotiate possible solutions
and trade-offs, and thus facilitate decision-making and issue resolu -
tion. Central activities are multi-stakeholder processes, joint data gen -
eration and verification, and technical capacity building. Progresses
and challenges are regularly assessed against this ToC.
ACTIVITY
basic research
education for sustainable 
development
mandated policy advice
public debate
open access to data and 
knowledge
multi-stakeholder processes
MAIN PATHWAYS TO IMPACTS
developing scientifically valid and reliable knowledge for deliberation and
decision-making; input for other activities
providing knowledge and fostering competences of future decision-makers,
developing a critical mass of change agents
advice for evidence-based decision-making, synthesis assessments, 
capacity building
awareness raising, public debate and deliberation
providing accessible and transparent data and knowledge, usable 
knowledge tools, possibility of public adaptation of knowledge
supporting co-production of knowledge, social learning, technical 
cooperation, creation of new actor networks, conflict transformation
MAIN ROLES OF SCIENTISTS
producer of scientific knowledge 
teacher, lecturer, mentor, facilitator
advisor, based on professional expertise
contributor in public debate (e.g., media,
events) based on professional expertise
technical expert, professional expert
facilitator, mediator, professional expert, 
technical expert
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ToCs could become a key component of the methodological
toolbox of sustainability science. First, ToCs can serve as a tool in
projects that adopt transdisciplinary methodology (Hirsch Hadorn
et al. 2008). Here, ToCs can structure transdisciplinary processes
of debate, planning, and reflection regarding projects’ presumed
pathways to impact. In other words, they can be used to scrutinize
transformation knowledge (Pohl and Hirsch Hadorn 2008). Sec-
ond, ToCs can help to reshape the role of non-scientific actors in
empirical research. Rather than viewing non-scientific actors sole-
ly as passive sources of data, “indigenous” knowledge, or “local”
knowledge (e. g., as experiment subject, survey, or interview re-
spondent) and/or as potential “end users” of scientific knowledge,
ToC approaches acknowledge non-scientific actors as agents with
active roles in a scientific project (e.g., as co-producers of knowl-
edge; facilitators, networkers, or opponents of a project). Third,
ToC approaches enhance project planning and impact monitor-
ing (Herweg and Steiner 2002). For example, they go beyond plan-
ning instruments like “logical frameworks” (logframes) by artic-
ulating underlying assumptions regarding how change unfolds in
a particular system of concern (Dhillon and Vaca 2018). They can
thus better satisfy the shared desire of researchers, practitioners,
and donors to realize richer, systemic understandings of develop -
ment (Stein and Valters 2012).
How can theories of change enhance 
sustainability science? Ten propositions
This section presents ten propositions regarding use of ToCs to
enhance the relevance, reflexivity, learning ability, and effective-
ness of sustainability science at project and organizational levels,
based on the reflection process and survey data.For each proposi -
tion, we present a challenge facing science-based initiatives, the
corresponding potential of ToCs, and remaining challenges of
working with ToCs. Indeed, ToCs are neither panaceas nor stat-
ic checklists; to be useful, they must be embedded in a continu -
ous process of critical reflection and joint learning.
Proposition 1: ToCs facilitate the development of meaningful
and attainable project goals.
While it is common for scientific projects to focus on developing
systems knowledge (Pohl and Hirsch Hadorn 2008), operational-
izing meaningful and attainable goals for transformative action
is seldom a straightforward task in scientific endeavours. In view
of this challenge, it is critical that project stakeholders formulate
and share ownership of goals and transformative pathways based
on an explicit ethical stance. A ToC process enables deliberation
in groups, and furthers the formulation and reflection of context-
specific, just, legitimate, and realistic goals. To ensure this, many
of the projects we reviewed made sure to include processes like
stakeholder workshops in the early stages of research so as to dis-
cuss and refine project goals. Most respondents saw it as a useful,
necessary exercise. However, not all referred to it explicitly as part
of a ToC process.
Proposition 2: ToCs facilitate project planning by explicitly 
articulating critical assumptions regarding the links of the 
project with societal transformations.
Limited relevance and effectiveness of scientific insights for pol-
icy and practice can sometimes be attributed to lack of clarity
about how a scientific initiative relates to societal transformations
(Zschei schler et al. 2018). Joint development of a ToC forces proj-
ect members to diagnose as precisely as possible the current state
of the system, including perceptions of it. Building on this diag-
nosis, the ToC development process urges them to develop explic-
it hypotheses about how intended transformations could unfold.
Through in-depth dialogue, the tacit knowledge and implicit sup-
positions of actors become explicit and debatable. Scientific theo -
ries of societal transformation can reinforce or correct claims about
transformations and the potential roles of the project therein. ToCs
highlight the activities that are particularly critical to realize trans-
formative ambitions. This aids in formulating, fine-tuning, and
sequencing project activities. It also helps in developing risk man-
agement strategies and allocating staff and financial resources in
view of goals and pathways to impacts (Thornton et al. 2017). Iden-
tification of risks and respective mitigation strategies was includ-
ed in many of the projects reviewed. However, we found no com-
monly agreed way of using ToC in project planning, and projects
varied in the level of sophistication of their ToCs.
Proposition 3: ToCs must be embedded in a continuous 
reflection process to remain adaptive and embrace surprises.
Rapidly changing contexts often require realignment of project
designs. ToCs must also remain adaptive. Once elaborated and
agreed upon, ToCs provide a mental model representing a proj-
ect approach at a given time. However, tension can arise between
the explicit knowledge formalized in ToCs and the evolving tacit
knowledge generated in the day-to-day practices of project mem-
bers. To remain a useful tool over time, formalized ToCs require
ongoing critical reflection and adjustments to ensure that they
meaningfully reflect new conditions, new information, and can
update strategies. We found that this occurred especially in long-
term projects (five to ten years), in which regular internal and ex-
ternal project reviews could be organized, creating space for pro -
cesses of reflection.
Proposition 4: The ToC process must embrace non-linearity
and unintended effects.
As noted, sustainability science typically addresses complex sys-
tems, in which linearity and causality between activity and impact
can only be established in very narrow subsystems (Rogers 2008,
Van Kerkhoff 2014). Critics of ToCs point to their tendency to de-
pict linear relationships between activities and outputs, outcomes,
and impacts. They also accuse ToC approaches of focusing too
much on optimistic scenarios, while disregarding unintended ef-
fects. In the course of many interventions, linear models and op-
timistic expectations are disrupted by unforeseen contingencies,
emergent outcomes, feedback loops, and counter-movements (Ro -
g ers 2008, Van Kerkhoff 2014). Thus, projects must conduct criti -
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cal assessments of potential unintended effects. Our review iden -
tified complementary tools such as stakeholder mapping, SWOT
(strengths, weaknesses, opportunities, and threats) analysis, and
participatory scenario building as useful in this regard. To embrace
the non-linearity of transformations, one of the reviewed initia-
tives rooted their ToC in adaptive governance (Folke et al. 2005).
Results showed that ToCs are best embedded in a continuous re-
flection and learning process, rather than a static workplan.
Proposition 5: ToCs support continuous critical reflection and
learning by providing indicators and procedures for project
evaluation.
Metrics for evaluating transdisciplinary research are an important
subject of current debate (Zscheischler et al. 2018). Early ToCs were
developed to support evaluations of development cooperation proj-
ects (Vogel 2012). For sustainability science, spelling out the path-
ways to impacts, as in ToCs, can point to important indicators and
procedures that go beyond academic metrics of scientific publica -
tions and citations. Further, monitoring project progress against
a formulated ToC enables critical reflection and validation of as-
sumptions about how change happens and why progress does or
does not work out. This helps to improve the performance of on-
going projects, but also aids formulation of more promising ToCs
for future projects. For example, one reviewed project found that
carefully facilitated stakeholder meetings successfully enhance so-
lution finding through open dialogue in which participants strive
to understand each other’s perspectives, rather than fight for their
own interests. However, once the project participants returned to
their “real life” institutional settings, shaped by strategic reason-
ing and established power relations, they had to re-adopt the posi -
tions defended there; one vetoed the reached agreement. Reflect -
ing on this experience, the project team concluded that the next
ToC must focus more on existing power relationships outside the
stakeholder meetings in order to achieve project goals. Participants
also reported that hidden agendas and power asymmetries can jeop-
ardize success, and thus demand special attention when planning
knowledge co-production.
Proposition 6: ToCs help address attribution gaps, 
while acknowledging that unknowns will remain.
Virtually every initiative confronts factors beyond its control, for
exa mple concerning societal agreement or learning beyond the
project’s reach (Blamey and Mackenzie 2007). Moreover, outcomes
frequently emerge from many concurrent dynamics and activities
(Young et al. 2006). Attribution of outcomes to a single project thus
systematically faces an attribution gap. ToCs can reduce, but not
eliminate, the problem of causal attribution (van Tulder and Keen
2018). In-depth discussion among project stakeholders about caus -
al effects – stipulated in a mutually agreed ex ante ToC – supports
deliberative evaluations of whether, how, and why a project had
an impact as well as what other factors may have had an impact.
Discussion of impact pathways can be supported by a ToC that
structures the analysis, and facilitates naming of unknowns as
they crop up. Without a ToC, discussions of impact may remain
vague and the corresponding analysis may emphasize short-term
results lacking transformative potential. 
Proposition 7: The ToC process can aid team building.
While ToCs are typically formulated at the start of a project, chang-
ing team compositions and advances in implementation can lead
to diverging ideas among project members about how change hap-
pens in the project context. This is especially the case in multi dis -
ciplinary and multicultural settings. Devoting time to reflect upon,
and update, shared or distinct assumptions about how change hap-
pens can help to recognize and address diverging views within
teams. This process can strengthen teams by consolidating a col-
lectively created perspective and clarifying the different roles and
activities of project members. For this reason, several of the proj-
ects reviewed invested considerable resources in joint ToC re-
views. They were found to enable shared understanding among
diverse and geographically distributed team members.
Proposition 8: ToC practice requires enabling operational 
conditions.
ToCs are resource-intensive due to their continuous, participato-
ry character. As noted, ToCs are especially useful if elaborated col-
laboratively and employed in an ongoing process of critical reflec-
tion and learning. This requires that project members and stake-
holders are willing and able to spend sufficient time and resources
actively engaging in the process. Our review showed that ToC use
was particularly successful when projects explicitly budgeted and
planned the process in advance, and agreed on joint meetings from
the beginning. Nevertheless, we also found that joint elaboration
of ToCs with all project stakeholders, often from different back-
grounds, can be challenging, and compromise may be necessary
to agree on goals. Indeed, establishing shared goals is essential
to developing ToCs that can be used to generate transformation
knowledge.
Proposition 9: ToCs help to shape the interfaces between 
disciplinary, interdisciplinary, and transdisciplinary activities.
ToCs can support joint transdisciplinary programming by engag -
ing project stakeholders in an in-depth discussion of project activ -
ities, pathways to impacts, assumptions about change, knowledge
gaps, and expected outcomes. ToCs may provide a shared object
for debates between scientific and societal actors, helping them
build a joint, cumulative understanding of how and why particu -
lar activities did or did not produce particular changes. Neverthe -
less, ToC processes alone are seldom sufficient to overcome un-
derlying epistemological differences between stakeholders from
different disciplines. In some of the reviewed cases, targeted work -
shops were necessary to address and jointly define the conceptu-
al foundation of a given transdisciplinary endeavour.
Proposition 10: ToCs can facilitate cumulative learning at 
organizational levels.
The ToC approach can provide organization-level benefits when
embedded in an organizational learning process involving larger >
FOCUS: RESEARCH FOR SDGS                 FORUM
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numbers of similar projects. Deliberations on ToCs at the organi -
zational level can be useful in two ways: first, for individuals with-
in organizations, ToCs can enable mutual learning between staff
conducting similar activities and using similar ToCs in different
contexts, thereby promoting self-reflexive learning processes. Sec-
ond, for organizations as a unit, longer-term learning processes
regarding the validity of specific ToCs can help to build detailed,
cumulative organizational knowledge about how, why, and under
what conditions specific activities are effective or not. Such experi -
ence can refine organization-level ToCs reflecting the contextual
and practical nuances of different contexts and activities in which
an organization is engaged. Moreover, organization-level ToCs can
support members in gaining greater clarity about the pathways and
critical assumptions of the organization’s mission. Complement-
ing individual job descriptions and organizational missions with
a ToC can help members reflect on their own roles and competen -
cies within the organization’s setup (Dhillon and Vaca 2018).
Conclusions
Based on these ten propositions, we conclude that broader adop-
tion of ToCs in sustainability science is a crucial step towards re-
alizing the transformative ambitions and expectations of science
in the 2030 Agenda. Nevertheless, ToCs are not a panacea or even
necessary in all cases. ToC processes require sufficient resources
as well as willingness and open-mindedness among participating
stakeholders, including scientists; this involves additional effort
beyond the immediate project activities. Evaluators of scientific
projects have only recently begun to request descriptions – usual -
 ly without detailed instructions – regarding how a given scientif -
ic project will contribute to societal impacts. Further, disagreement
and confusion about the use of ToCs can complicate, rather than
facilitate, the transformative ambitions of an initiative (Van Tulder
and Keen 2018). Finally, many ToCs have also been criticized for
falling back into linear thinking (Van Tulder and Keen 2018). Nev-
ertheless, if integrated in a process of critical reflection and learn-
ing, ToCs can support adaptive planning, implementation, learn-
ing, and evaluation at project and organizational levels. Systematic
refinement of particular ToCs is needed to validate and build cu-
mulative knowledge about the contexts in which they apply, and
about the particular pathways to impact through which sustain-
ability science can effect societal transformations towards sus-
tainable development.
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GAIA Masters Student Paper Award
The international journal GAIA – Ecological Perspectives for Science and Society
invites Masters students to partici pate in the 
2020 GAIA Masters Student Paper Award. 
Masters students are encouraged to submit their results from 
research-based courses or from Masters theses in the field of 
transdisciplinary environmental and sustainability science. 
Submission guidelines and more information:
www.oekom.de/zeitschriften/gaia/student-paper-award
Deadline for submission: November 4, 2019.
The winner will be selected by an international jury and will be granted a 
prize money of EUR 1,500 endowed by the Selbach Umwelt Stiftung and Dialogik gGmbH,
as well as a free one-year subscription to GAIA, including free online access. 
The winner may also be invited to submit his or her 
paper for publication in GAIA.
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